Ambulatory measurement of timing of Korotkoff sounds (QKD interval) gives an estimate of arterial distensibility derived from the velocity of the pulse wave over a vascular territory that includes the ascending aorta. The main advantages of the method are that it is entirely automatic, nonoperator-dependent, and highly reproducible, and produces a measure independent of instantaneous blood pressure. This study of a group of 180 normal subjects aged between 10 and 78 years was designed to produce references values and to study the influence of height. The results confirmed the reduction with age of arterial distensibility in the whole population. However before the age of 30, QKD 
I n a previous publication, 1 we proposed that the physical properties of the arterial system could be assessed by ambulatory measurement of the timing of Korotkoff sounds (QKD interval). This timing depends essentially on the velocity of the pulse wave. QKD , an index of arterial distensibility that corresponds to the value of the QKD for a 100 mm Hg systolic blood pressure and 60 beats/min heart rate (HR), is calculated from the values of QKD according to the spontaneous variations of blood pressure (BP) and HR measured over 24 h. It is thus independent of the value of BP measured at a given time. We have shown that this index falls with age and is reduced in the hypertensive patient. It has been found to be related to left ventricular hypertrophy, 1 and the reduction in QKD 100-60 is significantly linked to cardiovascular events independently of other risk factors. 2 In the present study, we measured QKD 100-60 in a normal group to define reference values and to determine the influence of various physiological factors (age, height, and sex) on this parameter.
METHODS

Population
The population comprised normotensive volunteers (office BP Ͻ 140/90 mm Hg and daytime ambulatory BP Ͻ 135/85 mm Hg), who had no history of cardiovascular disorders, hypercholesterolemia, or diabetes, and who were not taking any med-ication. They were recruited from the staff of the hospital and their families and from the personnel of a local business.
Ambulatory Measurement of the QKD Interval
The QKD interval is the time between the R wave of the electrocardiogram and last Korotkoff sound heard over the brachial artery when measuring blood pressure. This time interval is the sum of the preejection period and the time of transmission of the pulse wave between the aortic sigmoids and the brachial artery. It thus depends on the pulse wave velocity over a route including the ascending aorta, a part of the subclavian artery, and the brachial arteries. 3 This time is measured automatically during the measurement of BP by an ambulatory monitoring device (Diasys Integra, Novacor, France). The device is programmed to take measurements of BP every 15 min over 24 h. The ϳ100 readings taken over 24 h give an indication of the variations in the QKD interval as a function of BP. QKD 100-60 or the value of the interval for a systolic BP of 100 mm Hg at a heart rate of 60 beats/min is thus calculated from the relationship QKD ϭ C Ϫ aHR Ϫ bSBP, where C, a, and b are derived for each recording by calculating the multiple linear regression of QKD interval according to systolic blood pressure (SBP) and HR. These calculations were performed automatically by the software supplied with the device (Diasysoft Integra, Novacor, Rueil-Malmaison France). The interest of calculation of the QKD 100-60 is twofold: it provides an index of distensibility of the arterial system that is independent of the instantaneous value of BP, and it eliminates the variations in QKD stemming from variations in the preejection period because of the strict relationship between this period and heart rate. 4 The QKD 100-60 is thus a function of the time taken for the pulse wave to travel from the heart to the recording point, and thus depends on the length of the arterial segment under investigation. QKD 100-60 therefore requires a correction for height. This method has several advantages over that afforded by measurement of pulse wave velocity (PWV): it is entirely automatic and operator-independent, and it provides an estimate of arterial distensibility that is independent of the value of BP determined at a given time. It is highly reproducible in a given patient with a coefficient of variation of 6% for QKD 100-60 . 5 The 24 h recordings were made during a day of normal activity of the subjects. Daytime was defined arbitrarily as between 6 am and 10 pm.
Statistical Analysis
The data were analyzed using PCSM software (Deltasoft, Grenoble, France). The quantitative variables were subjected to an analysis of variance and the qualitative variables were compared using the 2 test. The relationships between QKD, age, and height were analyzed by linear regression. The factors influencing QKD 100-60 including age, weight, height, SBP, diastolic BP (DBP), and mean HR over 24 h with sex as the dummy variable (men ϭ 1, women ϭ 0) were analyzed by multiple linear regression. In a second analysis, SBP and DBP were replaced by pulse pressure and mean BP, giving an estimate of the pulsatile and continuous components of BP on arterial distensibility.
RESULTS
We recruited 180 subjects with ages ranging from 10 to 78 years (mean, 34 Ϯ 15 years), whose main details are listed in Table 1 .
In the univariate analysis, the QKD 100-60 was correlated significantly negatively with age, and positively with weight and height ( Table 2 ). Figure 1 shows the relationship of QKD 100-60 with age. In the multivariate analysis (Table 3) , QKD 100-60 was significantly and independently correlated with age (negatively), height (positively), 24 h SBP (negatively), and 24 h DBP (positively). These four variables accounted for 33% of the variance. There was no significant relationship with gender. Replacing SBP and DBP with mean BP and pulse pressure, only the pulse pressure was found to be correlated (negatively) with QKD 100-60 . This factor, along with age and height, accounted for 31% of the variance.
To discriminate the effect of aging and growth, which have opposite influences on QKD, we studied the relationship of QKD 100-60 with height in a subgroup of 85 subjects Ͻ 30 years of age. In this subgroup, QKD 100-60 was correlated positively with height (r ϭ 0.50, P Ͻ .001, QKD 100-60 ϭ 0.73 ⅐ height (cm) ϩ 91) but not with age in the uni-or multivariate analysis. To correct for the influence of height, we calculated the theoretical value of QKD 100-60 as a function of height for each individual using this relationship. The observed QKD 100-60 was expressed as a percentage of this theoretical value. After this adjustment, QKD 100-60 was no longer correlated with height. In the whole population it was only correlated with age in the univariate analysis (r ϭ Ϫ0.37), and with age, 24 h SBP, and DBP (or only PP) in the multivariate analysis.
The values obtained for the various age ranges (Յ 60) and for the subjects Ͼ 60 years of age are listed in Table 5 .
DISCUSSION
Determination of the QKD interval from ambulatory measurements gives an estimate of the distensibility of the arterial system. In essence it measures the velocity of the pulse wave over an arterial territory including the ascending aorta. The advantages of the method lie in its simplicity and its automatic nature, which avoid observer bias, and the fact that it give an assessment of the parameter over a large range of spontaneous fluctuations in BP over a 24-h period. 6 In contrast to measurement of PWV at rest, this method eliminates the influence of BP at a particular time of measurement and enables comparison of different individuals at the same level of BP. QKD 100-60 is calculated automatically by the software supplied with the device, and the relationship with heart rate helps to eliminate the bias caused by preejection time in the determination of QKD. This was attested to by the fact that QKD 100-60 was not correlated with heart rate in our population.
The present study was designed to determine the physiological factors linked to QKD 100-60 . One obvious factor is the length of the arterial segment. In practice, it is not readily measured, and it represents an important limitation to the classic measurement of PWV between two pressure sensors. Because the length of the arterial territory is in fact correlated with height, it is more convenient to use height, which can be measured accurately. QKD 100-60 was correlated positively with height in our population. Growth and aging have opposite influences on QKD: growth increases QKD by the increase of the length of the arterial segment; aging decreases the QKD by the reduction of arterial distensibility. To evaluate the influence of growth independently of age, we analyzed the relationship between QKD 100-60 and height in a subgroup of young subjects Ͻ 30 years of age after checking to see that QKD 100-60 was no longer correlated with age in this subgroup. The slope of the regression line from the equation: QKD 100-60 ϭ 0.73 height (cm) ϩ 91 enabled calculation for each individual of a theoretical value of QKD 100-60 as a function of height. The observed value was then expressed as a percentage of this theoretical value, which effectively eliminated the influence of height in the overall population. We did not find any significant influence of sex on QKD 100-60 in this population. The women had lower values for height, weight, and BP, but a higher heart rate than the men. Despite these differences, although QKD 100-60 was on average lower in the women, the difference was not significant and the height-adjusted QKD 100-60 was not different between men and women, which corroborate the value of this correction. Our results obtained in a population of normotensive subjects confirm the fall in QKD 100-60 with age after the age of 30 years. The decrease in distensibility of large arteries with age is now well documented 7, 8 and appears to stem from a fragmentation of elastic fibers along with secondary remodeling of fibers. 9 The relationship of QKD 100-60 with age appeared to be independent of the mean component of BP but was related to pulse pressure. The link with pulse pressure in the multivariate analysis may be due to various factors. Pulse pressure (PP) may rise with decrease in arterial distensibility due to the reduction in damping action of the aorta. It is also possible that the increase in PP may contribute to a degradation of intraarterial elastic material, leading to a long term loss of distensibility.
In conclusion, our findings confirm the reduction in arterial distensibility with age in a normotensive population using the recently introduced method for measuring the QKD interval by ambulatory monitoring. The QKD 100-60 produces an index of arterial distensibility that is independent of both the instantaneous value of BP and heart rate. The height of the individual does, however, need to be taken into account. These data can thus be employed to define references values for the interpretation of QKD 100-60 in patients.
